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Abstract 
One of the most significant challenges for improved the national food security programme is availability of 
timely, up-to-date, and accurate data for planners and decision makers. Such information needs to be available to 
concerned government official, regulators, donors, NGO and other interested organizations in a comprehensive, 
consistent, regular, and easy to understand format. This research attempts to (1) develop a food security database 
system included an analytics instrument to improve the quality of paddy field data using remote sensing and GIS 
technologies, (2) compute the food balance of each region using DSS model, and (3) design the web-based food 
security information system. Remote sensing (RS) technology and geographical information system (GIS) have 
been used to delineate the crop area for estimating paddy yield based on cropping areas and productivity. 
Integrating all kind of spatial, both image and vector as well tabular data in a database system, then transformed 
into information to enhance the knowledge based as a basis for decision making for food security are discussed 
in this paper.  
1. Introduction 
The concept of food security has developed over the past three decades. Concerns about food security up to the 
end of the 1970s were directed more at the national and international level, and concerned the ability of countries 
to secure adequate food supplies. Only later did the level of analysis shift to include a focus on food security at 
local level, even down to households and individuals (Young, et al., 2001). In this paper, the food security was 
discussed for sub national level and it possible to scale up to national level.  
In Indonesia, there are many institutions concerned in food security data, which each institution has own 
analytical tools and methods to determine the food security parameters; therefore, we often find a dissimilar 
published data for a same parameter such as the paddy field area of a certain province. In addition, it takes time 
for collecting the historical data from local until national levels; consequently, it is awfully difficult to access the 
real time food security information.  
Therefore, this research attempts to develop an analytics instrument to improve the quality of paddy field data 
using remote sensing technology and geography information system. Integrating all kind of spatial, both image 
and vector with tabular data in a database system, then transformed into information to enhance the knowledge 
based as Decision Support System (DSS) model for food security are discussed in this paper. Although 
definitions of a DSS are abundant and varied, there is a basic consensus that a DSS must be a helpful system for 
decision makers (Freeland, 1999). In Choi et al. (2002) and Bohanec (2002), the decision support area has been 
defined as the development of approaches for applying information systems technology to increase the 
effectiveness of decision makers in situations where the computer can support and enhance human judgment in 
the performance of tasks that have elements which cannot be specified in advance. Several researches that 
utilized DSS in food security are Young (1998), Young at al. (2001), and Young (2001). 
2. Data and methodology 
The procedure began with collection and pre-processing of required digital image layers (Figure 1). The type of 
satellite imagery data used here is selected Landsat 7 ETM in planting time of 2002-2004 period. To allow the 
web-based food security information system development, the method was defined in three main steps (Figure 
2).  
 
 
 
 
 
 
 
Figure 1. The path/row Landsat 7 ETM of study area 
  
 
 
 
 
 
 
 
The first is food security database system development. It included also the modified the quality of paddy field 
data by using RS technologies, Global Positioning System (GPS) and theodolite measurements. In this case, we 
found the relationship between the remote sensing to GPS as well to theodolite results using regression analysis. 
The samples were obtained from various classes of slope, there is: <8, 8-16, 16-45, and >45%. The relationships 
were then utilized to calculate the paddy field area in order to get more accuracy data. 
The second step is development of DSS model to calculate the food balance of each region using the remote 
sensed paddy field as well the population data. The estimated paddy area (ha) was converted to rice yield (kg) – 
as supply – by multiplying it with productivity (kg/ha). The population data have been used to estimate the rice 
requirement of a certain district (as demand), Figure 3. by comparing the supply and demand data, the food 
balance could be identified (surplus, deficit or sufficient of each region. All these data and results were then 
designed in a web-based food security information system. 
 
 
 
 
 
 
 
 
 
 
3. Result and Discussion 
a. The food security database development 
The first result of this research is food security database system on district level. The database can be divided 
into five main groups, are (i) Geographic data such as administrative boundary, road, river, etc; (ii) biophysics 
data such as, land use/land cover distribution; (iii) Food commodities data such as production, harvesting area, 
productivity, etc; (iv) Civilization and agriculture infrastructure data; and (v) Socio-economic data such as 
population; The feature of food security DSS model is strongly depended on quality and quantity of data input. 
All of those parameters is related each other and could be modified depend on technology and essential purpose 
in the future.  
Beside developed the food security database system, this study tried to develop an analytics instrument to 
improve the quality of paddy field data using remote sensing and GIS technologies. The regression result of RS 
vs Theodolite and GPS vs theodolite are illustrated in Figure 4 and Table 1, respectively. 
Population 
(Statistical Bureau)
Rice recruitment
Rice Consumption 
(32,65 Kg/head/month)
Recommendation
Paddy field area
(Satellite Images)
Paddy productivity
(Statistical bureau)
Estimated rice Rice stock 
Rice stock remains 
= estimated rice + rice stock - rice recruitment 
< 0 = Deficits, addition of rice levying
= 0, sufficient
> 0 = Surplus, next month stock or distribute to other region
Figure 3. The DSS model to calculate the food balance 
Figure 2. Schematic procedures used on this research. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. The regression analysis between RS and theodolite  
Based on the Figure 4 and Table 1, the remote sensing technology using Landsat 7 ETM have been successfully 
used to estimate the paddy field area (range of R2 is 60-99%) for all groups of slope (<8%, 8-16%, 16-45%, 
>45%). On the next analysis, we used the RS and theodolite relationship equation.  
 
Table 1. The recapitulation of regression analysis: RS vs theodolite and GPS vs theodolite 
 
 
 
 
 
 
 
 
 
b. DSS model for food balance analysis 
Figure 5 shows the one example of estimated the paddy field area in Sragen Distric of Central of Java Province 
for 4 phase of paddy growth (water, vegetative, generative, harvest phases). The area of each phase could be 
used to estimate the harvest area for one or two months later, and then were converted to paddy yield (as supply, 
for two months later. Table 2 shows some examples that the paddy field area have been converted to paddy yield 
(kg) by multiply the RS area (ha) to rice productivity (kg/ha) around 6000-7000 kg/ha depended of season and 
area. 
The population data could be used to estimate the rice requirement as demand in food balance analysis. The DSS 
model, in this case, was focused on examine the rice stock recommendation of each district of each month. By 
applying the DSS model in Figure 3, the food condition in each district could be identified: surplus, sufficient, or 
deficit. This DSS is very useful for decision makers to make a decision. For deficit area, it has to increase the 
rice stock from other district; otherwise for the surplus area, it could be used for the next month stock or transfer 
to another district. 
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Figure 5. The analysis estimate of paddy field area on four phases of crop growth 
Table 2. The area paddy area and estimated paddy field 
 
 
 
 
 
 
 
 
 
 
 
 
 
c. Web based food security information system development 
In order to deliver the food security information to numerous users, the system should be launched by using 
internet facility. Figure 6 shows the capture of web based food security information system. The system is user 
friendly, therefore, everybody will be able to access the information. 
 
 
 
 
 
 
 
 
 
Figure 3. Illustration of food Security system information development 
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Harvest 
phase 
Water 
phase 
Generative 
phase 
Vegetative 
phase (b) (a) 
Bulan Fase pertumbuhan 
 Bera Air Vegetatif Generatif 
Apr (a) 913  17625 27449
Jul (b) 23259 3896 14437 4395
Okt (c) 20745 12600 8810 3832
3. Conclusion 
One of the most strategic challenges in Indonesia is how to achieve food security through optimization of 
the available resources.  For this purpose, quantification of the characteristic of resources and the 
magnitude of events both spatially and temporally in the best quality and format is imperative. Satellite 
imagery with broad coverage and timely information can be fully utilized for multi purposes programs with 
multiple stakeholders to develop a decision tool.   
Food security has to be achieved at national, local and household levels by securing the access to food by 
the population and to information by policy makers. The decision support system (DSS) for food security 
that has been developed for Central Java province was carried out in three main phases: i. e. (a) identify and 
develop required variable in the database such as demographical, statistical, satellite data, etc; (b) estimate 
paddy production of each district using high resolution images and compute food balance based on the 
supply and demand, and (c) design and operate the information delivery system to multiple users.   
With the DSS the different variables and criteria commonly used by various institutions dealing with food 
security can be standardized. The utilization of multi-spectral and multi-temporal satellite imagery 
integrated in geographic information system as components of the DSS will facilitate the efforts of all the 
institution as well as minimizing the cost.   
Furthermore, the DSS is very useful to formulate strategic policy in achieving food security; avoid 
duplication in program and budget; and develop monitoring system to ensure food availability.  When 
expanded to cover national or regional level as ASEAN the system can promote inter-regional trade.  
Considering the different peak of harvest of rice crop (March in the southern hemisphere and 
November-December in the north), the trade will be mutually beneficial.  The trade will provide the 
consumers with freshly produced food and minimize cost of storage as well as getting better price to the 
producers. 
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